We report the follow-up of a series of post-traumatic syringomyelia patients treated by syringo-peritoneal shunting (SPS). The neurological status was determined following the international ASIAjIMSOP standards for neurological classification of spinal cord injury; this was completed by a modified Silberstein classification that identifies the ascending neurological symptoms as well as the increasing myelopathic symptoms in patients with post-traumatic syringomyelia. Magnetic resonance imaging (MRI) was systematically per formed to assess the presence of a postoperative residual syrinx or of meningeal fibrosis. Eight patients were studied (five men, three women) with an age ranging from 17 to 54 years (mean of 30.7 years) at the time of the spinal cord injury. Three had a complete or nearly complete paraplegia, five were incomplete. The post-traumatic syringomyelia was diagnosed from 2 to 8 years after the spinal cord injury and was treated by syringo peritoneal shunting. Early complications occurred in three patients: (1) displacement of the catheter, (2) obstruction of the catheter, and (3) haematomyelia, which disappeared after a new surgical procedure was performed. The postoperative follow-up ranged from 3 to 9 years (mean of 4.5 years). The neurological level decreased in every case and the ascending neurological symptoms decreased or were stabilised in seven patients. The postoperative ASIA/IMSOP scores and the increasing myelopathic symptoms improved in four patients but worsened in the four others, incomplete. The MRI showed an important decrease of the syrinxes in every patient associated with a serious meningeal fibrosis in five cases. Syringo-peritoneal shunting seems to be efficient in the treatment of the syrinx but may have a poor effect regarding the prevention of meningeal fibrosis. The ascending neuro logical symptoms are more sensitive than the increasing myelopathic symptoms to syringo peritoneal shunting especially in those with incomplete paraplegia.
Introduction
out during 1993 after a delay of at least 3 years following the injury. The neurological status was determined according to the ASIAjIMSOP impairment scale. 4 This was completed by a classification modified by Silberstein. 5 This scale distinguishes betwe�n the ascending neurological symptoms (ANS), in relatIon to new signs occurring above the initial post-traumatic metameric level, and the increasing myelopathic symp toms (IMS) in relation to new signs occurring below the initial level. Both ANS and INS have been scored into four grades which are given in Table 1 . The data selected for the study of the MRI were: (1) the vertebral levels of the rostral and caudal extremities of the syrinx; (2) its length; and (3) the presence of severe degenerative phenomena such as myelomalacia and meningeal fibrosis.
Post-traumatic syringomyelia (PTS) is an uncommon pathology considered to affect from 0.3 to 3.2% of patients with spinal cord injuries (SCI).1,2 The conse quences may be very serious for patients who are already very disabled and handicapped. Nowadays, shunting the syrinx such as syringo-pleural shunting or syringo-peritoneal-shunting (SPS) is a possible treat ment for PTS. 2,3 There is still a lack of data in the literature regarding the neurological and magnetic resonance imaging (MRI) findings on follow-up after a period of some years. We present a retrospective study of the mean term results of SPS in a series of eight patients operated on by the same surgeon and followed up at the University Hospital of Bordeaux, France.
Methods

Clinical and MRI evaluation
The preoperative assessment was studied from the medical files. The postoperative evaluation was carried
Patients
The patients studied were five men and three women (Table 2) , with an age ranging from 17 to 54 years (mean age 30.7 at the time of injury). The paraplegia infrequent paraesthesia and hypoaesthesia moderate: loss of two points at the MSS, light spasticity degradation of the vesical sphincter balance (augmentation of post micturitional leaks and residues), frequent sensory signs severe: loss of more than two points at the MSS, serious spasticity with regidity, urine retention, autonomous hyperreflexia, intense pains and anaesthesia was incomplete in five patients (ASIA/IMSOP grade D and one B). Three had a complete (grade A) or nearly complete (grade B) lesion. Five had a vertebral osteosynthesis performed after the accident, including spinal cord decompression.
The PTS was diagnosed from 2 to 8 years (mean 4.5 years post injury) based on neurological worsening. On MRI, the syrinxes extended between C6 (C1-T3) to T7 (C4-TI2). Their length ranged from 4.5 to 24 cm (mean 13.5 cm). No important degree of myelomalacia nor of meningeal fibrosis was observed. Because of rapid neurological deterioration, the SPS were per formed 2-12 months (mean 6 months) after the diagnosis of PTS. In seven patients, the syrinx was approached at its widest part but in patient 5 it had to be at two levels because of septation. The dura was opened and when necessary the meningeal fibrosis was dissected (patients 1, 4, 6, 8). The myelotomy was performed in the midline and corresponded to the thinnest part of the posterior wall of the syrinx and in patient 5 at two levels. A T tube (1.5 mm diameter, 40 mm in length) was placed into the syrinx draining the cerebrospinal fluid (CSF) to the peritoneum6 with a pressure-dependent valve. The myelotomy and the dura were closed using fibrinogen glue, so as to make them water-tight. The catheter was securely fixed to the dura to prevent any migration, or CSF leakage. During the operation, a contrast radiological control of the system was systematically performed.
Early postoperative complications occurred in three patients. In patient 1, severe pairr reappeared at the level of the T7 dermatome, on the right side, after a delay of 1 month. A second surgical procedure was required. The surgeon found an important degree of meningeal fibrosis and a displacement of the catheter near C7 root on the right. After dissection of adhesions and refixation of the catheter, the pain disappeared completely.
In patient 2, 9 months after the derivation, the IMS and the ANS neurological signs reappeared with the same intensity at the level of T6. The MRI showed persistence of the inferior part of the syrinx from T5 to T7. The peroperative control of the derivation showed dysfunction of the inferior syringo-subarachnoid part of the catheter without any significant degree of menin geal fibrosis. A new syringo-peritoneal catheter was placed in the inferior extremity of the syrinx. The ANS decreased to grade I but the IMS remained at grade II.
Patient 5, 3 months after the SPS, previously com plete at T4, presented a dramatic acute worsening, including tetraplegia with respiratory impairment. The MRI showed a haematomyelia within the syrinx. After an emergency neurosurgical evacuation of the blood clot, the neurological level returned to the initial level.
Results
The mean term postoperative results, ranging from 3 to 9 years (mean 3.5 years) after the SPS, are summarised in Table 2 . An example of MRI concerning patient 7 is shown in Figures 1 and 2. (Note: the appearances had not shown deterioration in scans taken 3 years after the SPS).
The most important findings were as follows.
First, there was a decrease of the neurological level in every patient with a decrease or a stabilisation of the ANS in seven patients. Worsening of the neurological level and the ANS concerned patient 5 and was due to haematomyelia.
Second, there was a decrease or a stabilisation of the IMS and the ASIA/IMSOP grade in four patients cases (4, 6, 7, 8) associated with an increase of these symptoms in the four other patients (1, 2, 3,5) .
Third, there was an important decrease of the syrinxes in five patients (1, 2, 3, 5, 7) and a total disappearance in three patients (4, 6, 8) . But, it was associated with an important degree of myelomalacia and/or a meningeal fibrosis in five patients (1, 2, 3,5,7).
Fourth, there was better evolution of the initially complete or nearly complete paraplegia patients (4, 6, 7) than of those with incomplete paraplegia patients (1, 2, 3, 5, 8) with fewer postoperative complications, less in the way of severe neurological symptoms and less in the way of abnormalities as seen on MRI. We could put forward the hypothesis of a correlation between the volume of the cavity and the ANS, and another correlation between the degenerative fheno mena around the cavity and the IMS. Rossierl in an anatomopathological study of a patient, who had shown very little benefit after a SPS, found nearly complete collapse of the syrinx associated with extens ive pericavital gliosis. The SPS appears to control the volume of the cavity but not the local degenerative phenomena. Besides, it is most likely that opening the dura and the presence of the catheter favour the development of chronic inflammatory mechanisms. 17 We require to emphasise the poor outcome of patients with incomplete paraplegia. The deterioration of the clinical status (correlated by RMI findings) occurred in five patients. On the other hand, the three patients with a complete or nearly complete lesion have all improved or become clinically stabilised. This phenomenon could in part be explained by greater physical activity in those with incomplete than in those with complete lesions. This could possibly lead to an increase of the epidural venous pressure, the so called 'slosh' phenomenon.2,3,16,18 Another hypothesis could be related to an untimely displacement of the material in association with the increased mobility of these patients.
Conclusion
Syringo-peritoneal shunting remains a useful surgical technique for patients with an evolving PTS, especially in ANS. Nevertheless, it is insufficient in the long term to control the degenerative phenomena occurring around the cavity as well as the IMS, especially in patients with incomplete paraplegia.
